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Euhedral to anhedral crys tals of the main me te or itic min er als are found in in ter sti tial pores of the unshocked L5 chondrites Baszkówka
and Mt. Tazerzait. The com po si tion of these pore min er als is the same as else where in the me te or ite. They must have grown from a
vapour phase dur ing meta mor phic equil i bra tion of the me te or ite min er als. The pores are pri mary fea tures, i.e. open space re main ing af ter
com pac tion of the con stit u ents of the me te or ite. 
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INTRODUCTION

The me te or ite Baszkówka fell on Au gust 25, 1994, and was 
soon re cov ered and brought to the Pol ish Geo log i cal In sti tute
in Warszawa (Stepniewski et al., 1996). Dur ing the ex am i na -
tion of the me te or ite, pri mary holes were de tected on cut sur -
faces. At higher mag ni fi ca tion, it was seen that these pores
con tain small shiny crys tals. Sim i lar pores with crys tals were
found at about the same time in the me te or ite Mt. Tazerzait,
which fell on Au gust 21, 1991 (Grossman, 1997). Both me te or -
ites are L5 chondrites. The sim i lar ity in month of fall and the
un usual pore crys tals sug gested a pos si ble re la tion be tween
these two chondrites and prompted a closer in spec tion. Rare
gases and the ex po sure ages were de ter mined on both me te or -
ites (Scherer and Schultz, 2001). A pre lim i nary de scrip tion was 
given by Wlotzka et al. (1997). This pa per de scribes the min er -
als found in the pores and dis cusses their for ma tion. 

OBSERVATIONS

The Fa-con tent in ol iv ine and the Fs-con tent in
orthopyroxene of both chondrites are within the lim its of er ror
iden ti cal:  Fa 24.2, Fs 20.8 for Baszkówka (Wlotzka, 1995), Fa

24.6, Fs 20.8 for Mt. Tazerzait (Grossman, 1997). Also the
petrographic tex tures are very sim i lar, both are L5 chondrites.
The mm-sized pores are vis i ble al ready on the cut sur faces of
the me te or ites. In Baszkówka the pores are clearly in ter sti tial to 
chon drules and other coarse con stit u ents, their out line is ir reg u -
lar (Pl. I, Fig. 1). In Mt. Tazerzait the pores ap pear more
rounded, the whole tex ture is more com pact (see Pl. I, Fig. 3;
Pl. III, Fig. 4).

In thin sec tion the pores of both me te or ites look un sus pi -
cious, i.e. they do not stand out as spe cial fea tures. Plate I, Fig -
ure 2 shows a thin sec tion of Baszkówka in re flected light at
low mag ni fi ca tion, the in ter sti tial na ture of the pore space is ev -
i dent. Pores in Mt. Tazerzait are shown in trans mit ted light in
Plate I, Fig ure 3. At higher mag ni fi ca tion, the min er als ad ja cent 
to the pore show lin ear or slightly curved sur faces (Pl. I, Fig. 4), 
some times small crys tals are found pro trud ing into a pore (Pl. I, 
Fig. 5). Microprobe mea sure ments show that the com po si tion
of the sil i cate min er als in these pores and away from the pores
is the same in Mt. Tazerzait (Ta ble 1), sim i lar re sults were ob -
tained for Baszkówka. This does not ex clude, how ever, that
small grains, only seen in the SEM, may have some what de vi -
at ing com po si tions. 

With the Scanning Elec tron Mi cro scope the euhedral na -
ture of these pore crys tals is seen. A qual i ta tive X-ray anal y sis
shows that all main con stit u ents of the me te or ite are pres ent: ol -



iv ine, pyroxene, metal, troilite, plagioclase, also chro mite. The
fol low ing SEM pic tures show ex am ples. 

Ol iv ine pre dom i nates in the pores. The crys tals are usu ally
stubby and show crys tal faces (Pl. I, Fig. 6), of ten they are
intergrown in blocky ag gre gates (Pl. II, Fig. 1) . Also elon gated 
crys tals as shown in Plate II,  Fig ure 2 are found. Plate II, Fig -
ure 3 shows a large ol iv ine with a hole on one face. Such holes
and in den ta tions are com mon (Pl. II, Fig. 4), es pe cially in
Baszkówka. Of ten small crys tals of other phases are found in
such in den ta tions, usu ally feld spar grains (see Pl. III, Fig. 1).
Growth steps are vis i ble at higher mag ni fi ca tion (see Pl. II,
Figs. 2 and 4). 

Pyroxene is less abun dant, the crys tals are usu ally stubby
like the olivines. More un usual grains are shown in Plate II,
Fig ure 5, a multigrain ag gre gate in Plate II, Fig ure 6. Feld spar
shows a pe cu liar be hav iour: it oc curs in small, rounded grains
on the sur face of other sil i cate crys tals (Pl. III, Fig. 1, see also
Pl. II, Fig. 4), or as larger as sem blages of such grains (Pl. III,
Fig. 2). In Mt. Tazerzait better crys tal lised tab u lar feld spar
crys tals were found (Pl. III, Fig. 3). Also metal (Pl. II, Fig. 7; Pl. 
III, Fig. 4) and troilite (Pl. III, Fig. 5) oc cur in rather large,
euhedral crys tals. Plate III, Fig ure 6 shows a small chro mite
crys tal in a pore of Mt. Tazerzait. 

DISCUSSION

Empty spaces be tween chon drules or min eral grains are
com mon in chondrite thin sec tions, mainly due to pluck ing of
metal grains or chon drules dur ing thin sec tion prep a ra tion. But
most unshocked chondrites show a nat u ral po ros ity of sev eral
vol ume-percent, as shown by Christophe Michel-Levy (1978)
by spe cial im preg na tion tech niques. More re cent pore vol ume
mea sure ments by Consolmagno et al. (1998) give an av er age
value of 12% po ros ity for unshocked chondrite falls, but val ues 
up to 30% have been mea sured. 

More or less euhedral crys tals in chondrite pores or vugs
have been de scribed in the lit er a ture be fore. We have to dis tin -
guish three dif fer ent oc cur rences, they are listed here ac cord ing 
to their se quence in time:

1. Free ol iv ine crys tals em bed ded in a fine-grained ma trix
in car bo na ceous chondrites. They show ir reg u lar, lin ear ridges
on their crys tal faces and were prob a bly formed by con den sa -
tion in the so lar neb ula (Olsen and Grossman, 1974).

2. Crys tals of the main me te or ite min er als in in ter sti tial pore 
space of unshocked, equil i brated chondrites. Such crys tals with 
euhedral shapes were de scribed by Christophe Michel-Levy
(1979) in Sena, an unshocked H4-5 chondrite. 

3. Crys tals lin ing vugs in shocked chondrites, as de scribed
by Fruland (1975) and Olsen (1981) for Tadjera, Farmington,
Rose City and oth ers. These vugs were formed by va pour ex -
pan sion in partly melted chondrites and the crys tals are sup -
posed to have grown by con den sa tion dur ing cool ing (Olsen,
1981). 

Baszkówka and Mt. Tazerzait rep re sent clearly the sec ond
case. The pores are in ter sti tial to the main me te or ite con stit u -
ents, as chon drules and min eral grains (Pl. I, Fig. 2). We in ter -
pret these in ter sti tial pores as pri mary, re main ing af ter the loose 
com pac tion of the chondrite con stit u ents. They con tain rather
stubby, euhedral to anhedral crys tals of all main me te or ite min -
er als. Only small dif fer ences ex ist be tween Baszkówka and Mt. 
Tazerzait. The lat ter seems more ad vanced in equil i bra tion, so
that the pores be came more rounded and the crys tals in them do 
not show the holes and in den ta tions seen in Baszkówka. 

It is note wor thy that no “alien“ min er als were found, es pe -
cially no zeolites or other wa ter-containing min er als. The crys -
tal faces are smooth down to the nanometer scale, of ten they
show straight or curved growth steps. The com po si tion of the
pore min er als is the same as else where in the me te or ite, i.e. they 
are equil i brated. This fact sug gests that these crys tals de vel -
oped dur ing meta mor phic equil i bra tion of the chondrite from a
va pour phase mi grat ing through the loosely com pacted rock.
The tem per a ture of their growth will lie around 800°C, as de -
ter mined for the equil i bra tion tem per a ture of type 5 chondrites
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T a  b l e  1

Elec tron microprobe mea sure ments of sil i cate min er als in Mt. Tazerzait

Min erals Ol iv ine Orthopyroxene Plagioclase

A (4) B (10) A (3) B (5) A (3) B (9)

SiO2

Al2O3

MgO
CaO
Na2O
K2O
MnO
FeO
To tal

38.53
–

38.85
–
–
–

0.53
23.75

101.66

38.65
–

39.28
–
–
–

0.52
23.30

101.75

55.95
0.16

29.51
0.90

–
–

0.53
14.19

101.24

56.02
0.14

29.55
0.72

–
–

0.54
14.29

101.26

66.82
22.05

–
2.22
9.65
1.05

–
0.48

102.27

67.11
21.94

–
2.32
9.41
1.03

–
0.42

102.23

A — in the bulk me te or ite, B — in pores; num ber of anal y ses in brack ets; an a lyst J. Otto
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PLATE I

1. SEM pic ture of a cut sur face of Baszkówka at low mag ni fi ca tion; pores oc cur in ter sti tial to chon drules and coarse grains; lighter grey grain in the mid dle
is metal. 2. Thin sec tion of Baszkówka in re flected light; the in ter sti tial na ture of the abun dant pore space is ev i dent. 3. Thin sec tion of Mt. Tazerzait in
trans mit ted light; in ter sti tial pores are sim i lar to those in Baszkówka, but less irregular. 4. A pore in Baszkówka at higher mag ni fi ca tion (thin sec tion,
trans mit ted light); note the mostly straight crys tal bound aries to wards the open pore space. 5. Ol iv ine crys tals pro trud ing into a pore in Baszkówka (thin
sec tion, trans mit ted light). 6. SEM pic ture of ol iv ine crys tals in a pore in Baszkówka
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PLATE II

1. Stubby ol iv ine crys tals in Baszkówka (SE pic ture). 2. Elon gated ol iv ine in Baszkówka (SE pic ture). 3. Large ol iv ine crys tal in Baszkówka with fun -
nel-shaped hole on one face (SE pic ture). 4. Ol iv ine crys tal in Baszkówka with growth steps and in den ta tions; the three small crys tals in the white frame
are feld spars (Baszkówka, SE pic ture). 5. Pyroxene crys tals with growth chan nels in Baszkówka (SE pic ture).6. Blocky ag gre gate of pyroxene crys tals in
Baszkówka (SE pic ture). 7. Large nickeliron crys tal with growth steps in Baszkówka (SE pic ture)
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PLATE III

1. Small feld spar grain grow in an in den ta tion of an ol iv ine crys tal (Baszkówka, SE pic ture). 2. As sem blage of rounded feld spar grains, at left and mid dle
back ground cac tus-like forms with stems grow ing on ol iv ine grains (Baszkówka, SE pic ture). 3. Tab u lar feld spar crystals in Mt. Tazerzait (SE pic ture). 4.
A rounded pore in Mt. Tazerzait with pyroxene (right), metal (white grain at left) and troilite (white grain, lower side) crys tals (BSE pic ture). 5. Crys tal of
troilite in Mt. Tazerzait  (SE pic ture).6. Small crys tal of chro mite (white) in a pore of Mt. Tazerzait (BSE pic ture)



from the ol iv ine-chromspinel Fe-Mg ex change ther mom e ter
(Wlotzka, 1985). Chro mite Fe/Mg-ratios are sim i lar in
Baszkówka and Mt. Tazerzait to that in other L5 chondrites, in -
di cat ing sim i lar equil i bra tion tem per a tures. The equil i brated
com po si tion of plagioclase in the pores is re mark able, be cause
it is known that Na and K con tents can be changed dras ti cally
by vapour phase ex change (Wlotzka et al., 1983).

It is note wor thy that the fine-grained ma trix of type 3 and 4
chondrites is ab sent in Baszkówka and Mt. Tazerzait. Ap par -
ently it dis ap peared dur ing meta mor phic equil i bra tion and for -
ma tion of the pore crys tals. On the other hand, most type 3

chondrites (Tieschitz, Sharps, Bremervörde and oth ers) have a
rather dense tex ture with lit tle in ter sti tial pore space, whereas
many of the more equil i brated type 4‘s, like Bjurböle and
Saratov, have a loose tex ture full of pores. This ap plies also to
the type 5 Baszkówka and Mt. Tazerzait. A di rect trans for ma -
tion of the dense type 3 chondrites into these po rous ones seems 
dif fi cult to ac com plish. A pos si ble ex pla na tion is that loosely
bound type 3 pre cur sors of Baszkówka or Mt. Tazerzait, if they
ex isted, were eas ily de stroyed dur ing im pacts on their par ent
body, nec es sary to pro pel them from there into Earth cross ing
or bits. 
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